The homeobox protein Six3 interacts with the Groucho corepressor and acts as a transcriptional repressor in eye and forebrain formation.
Six3 is a vertebrate homeobox gene that is expressed in the anterior neural plate and eye anlage. We overexpressed a dominant transcriptional activator or repressor form of Six3 in zebrafish embryos to analyze their effect on eye and forebrain formation. RNA injection of the activator form of Six3 into zebrafish embryos caused reduction of the expression domains for rx2, pax2, and emx1 in the anterior neural plate, resulting in eye and forebrain hypoplasia. On the other hand, overexpression of the repressor form of Six3 or wild-type Six3 showed phenotypes opposite to those of the activator form. We found that Six3 has eh1-related motifs, motifs crucial for transcriptional repression function of Drosophila engrailed which plays a role in tethering the Groucho corepressor to the promoters. We isolated one of the zebrafish Groucho family genes, grg3, and demonstrated an interaction between Six3 and Grg3 using yeast two-hybrid analysis. Point-mutations in the eh1-related motifs in Six3 reduced both its eye and forebrain enlarging activities and its interaction with Grg3. These results strongly argue that Six3 functions as a Groucho-dependent repressor in eye and forebrain formation. Furthermore, zebrafish Six2 and Six4 also interacted with Grg3, implying a conserved function among the Six family proteins as transcriptional repressors.